The potential impact of the effects of lead in children is a major concern. Although measurements of lead concentration can be made in a geographic area, it is difficult to predict the effects of this exposure that involve complicated biologic functions. Dynamic mathematical models that can 
approach is essentially the same. Some have been successful in predicting results within a limited range of coverage. This is a valid method for solving a difficult problem.
The IEUBK model is typical of the choice of individual contributing factors in an area of concern. These individual factors are modeled with scientific studies to verify a particular result. The individual factors are then connected by an intuitive approach that is quite accurate as to contributions and changes in the state of certain variables. However, the intuitive connection and the calibration of the interactive effects are different in making the model a tool with any accuracy of prediction. This technique was popularized for socioeconomic systems by Forrester in Urban Dynamics (2) and by Meadows et al. in The Limits to Growth (3) .
Once the individual contributing factors have been modeled as a function of time, a basis for updating at a designated time interval is programmed into the computer model to allow time to evolve in a predicting mode. This is the most difficult part of the modeling process to understand and to validate. Validation over time usually means choosing a range of years for which the history is known, starting the model with some previous initial conditions and watching the predictions as they evolve according to the previously recorded factual history. If these predictions agree, one assumes that the model must be correct. This possibly is the most significant pitfall of such an endeavor.
The easiest way to describe the difficulty with such models is to state that the sum of the correct parts is not a true whole. It is also at this point that scientific knowledge of the field in which the model is to be used may be of little use. The problems are centered in the mathematic analysis for the calibration and construction of the interconnection and the mathematic basis for the time evolution. The time evolution is a matter of numerical integration and analysis of the dynamics that have been implicitly defined by the data-gathering process and the choice of constants of combination in the interconnection phase of the model. Independent of the scientific discipline for which the model is being used, the interconnection is similar to an attempt to describe or solve a partial differential equation with the analysis of one of an infinite number of possible solution planes in some solution space. As an example, consider the function of x and y, f(x,y) illustrated in Figure 1 .
In Figure 1 , one of the f(x,yt) is determined analytically and verified for the value of xl with the specific Yi At the outset, it may or may not be known that f is dependent on both x and y. If the x,y dependence is known, then the form and parameters of the slopes of the figure are known. Frequently, it is conjectured that a relationship exists, but it does not appear to be significant.
The different slopes illustrated in Figure 1 The interrelationships of the structure, sensitivities, and dynamics are a more complicated problem than is typically thought. The interrelationships are often counterintuitive (5) . In economics, recursive relationships similar to those of the IEUBK model were determined on the basis of quarterly data inputs, i.e., 3-month intervals. Although the relationships seemed correct intuitively, and the models and results were updated by extensive data on a quarterly basis, they were mathematically unstable after many years of usage. One difficulty was that they were most often used for predicting on a quarterly basis, which was a very short time evaluation from the historical results that were included. This is also demonstrated with many complicated socioeconomic models. An excellent data predictor is the previous data point (6) .
As an example, curves that fit static data but show undocumented slopes and inflection points can be viewed as welldocumented results for a static analysis for a particular set of conditions. However, the dynamic prediction is based not on the fit of the curve but on the derivatives of the fitted curve throughout the range of the independent variable which appear to be unduly accentuated in the fitted curve.
Description of the Model
Consider the current IEUBK model. 
Parameter Uncertainty and Roundoff
The performance of the system is assumed to be a continuous function of time with parameters that are known. As the parameters become uncertain, the effects of this uncertainty can be traced through the system response. This can affect both results and stability (8) . In addition to the parameters, the method of calculation can introduce errors in the calculations that also affect the system response and stability.
In particular, any programming on a digital computer introduces an automatic discretization that normally introduces a truncation error in any parameter or input. These errors can be analyzed using a floating point standard, typically Institute of Electrical and Electronic Engineers 754-1985 (9) . In the case of simulation, these errors can be changed by scaling the time and magnitude of the equations.
These factors may be of little significance, but they cannot be arbitrarily dismissed.
Validation
The validation strategy for the model (1), presents four considerations for validation; (1) scientific foundations of the model structure, (2) adequacy of the parameter estimates, (3) verification, and (4) empirical comparisons.
Item (1) represents multiple levels of inquiry, i.e., (a) a variety of relatively simple input/output relationships, and (b) a basis, method, conservation law, etc., as a means by which the relationships of (a) are interconnected. Each level must be based on scientific principles.
Based on the scope of inquiry and the above expansion of item (1) into items (1a) and (lb), for this author, items (la) and (2) can only be addressed superficially looking at the sources. The author is not an expert in these areas and can only say that it appears scientific procedure has been followed in establishing the basic model structure and in estimating the parameters, i.e., items (la) and (2) of (1). Item (1b) can be more easily addressed in a system theory context, which is primarily an engineering/mathematical problem.
The author did not have the computer code for the IEUBK model available at the time of the workshop and cannot comment on item (3). This paper is fundamentally concerned with the dynamics and interconnection structure (differential equations and their coupling) of the dynamic IEUBK model.
The dynamic IEUBK (4) model component considered is the part of the model that exists between the front end, the uptake component (4) , and the probability distribution component (4) of the total IEUBK model (4). As such, it has a single input, UPTAKE (in pg/unit time), and a single output, PBBLOODEND, in pg(lead)/dl (blood volume).
The single input/output relationship is classical in system theory, but may present some difficulty in validation in the sense of item (4) [empirical comparisons (1)] because of the nature of item (1b). These two variables may not be observable in the sense of system theory (8) . Neither of these variables can be accessed explicitly with the current IEUBK digital computer simulation model (4) .
If the model were totally intrinsic, e.g., force = mass x acceleration, such a discussion would not be warranted. However, it is a necessary validation consideration because the three components of this particular model (4) can be separated with only a single variable coupling the first and second component; likewise, the second and third components are so coupled, it is a necessary validation consideration. This input/output relationship must also be validated in the sense of validation item (4) , in order to validate the entire model.
From the material included in the references available to the author, it appears that no validation of this single input/output system has taken place. Considering statistical comparisons (1), with lead sources as inputs to the front end of the model, and statistical comparisons based on the limited observations for final outputs, it is possible to have positive results for validation, with the dynamic portion of the model having little or no effect on the total system. Such a result does not validate the dynamics. In summary, satisfying input/output data for the overall model may be a necessary condition for model validation. However, it is not a sufficient condition for the differential equation Thus, the approach of this paper addresses items (la) and (2) of the validation strategy (1) as structural components without biologic considerations.
The author has taken part in a wide range of modeling efforts (10) (11) (12) (13) where the models have had the form of the IEUBK model while satisfying items (1), (2) , and (3) of the validation strategy (1) . One of these efforts involved the prediction of the levels of persons in various occupations based on social mobility and the accompanying social mobility matrix. The researchers were informed of the difficulty in finding a model that would satisfy the input/output relationships that would incorporate known parameters and support the raw data collected over a number of decades. Using the existing data and calibration parameters, a model was developed that fit the data within all established tolerances for all outputs. However, sociologists would not accept the model because of a structure that implied (postobservation) that the reason why married couples would choose to have children was a good economic outlook. The model incorporated the proper mathematical structure and satisfied all data points but was not considered valid.
Any past data validation satisfies the conditions for many (or all) past scenarios. However, to be useful, a model must be predictive on scenarios that have not necessarily been seen in the past. This is the point at which the structure (1b) must be verifiable to place any validity on future results. Otherwise the model can only be useful if every possible scenario has previously taken place or has been entered and tested as an input. Ensuring all possible scenarios have been taken into account is normally only possible for relatively simple discrete models.
Whether the model is correct cannot be fully demonstrated by simply matching input/output data of known tests. This is necessary but not sufficient. Satisfying item (4) at least requires satisfying item (lb). The first stage of the model that produces uptake can be structurally verified more easily because of the algebra. However, the dynamic portion includes differential equations and coupling that can not be so easily verified as valid structure and interconnection.
The point of this experience is that validation simply begins with predicting the correct past results as in item (4) . This is a single point in a much more complicated validation procedure, i.e., both items (la) and (1b) must 
